
DOT HS 809 144  
September 2000

NHTSA Technical Report

Analysis of the Crash Experience of Vehicles
Equipped with All Wheel Antilock Braking
Systems (ABS)-A Second Update Including

Vehicles with Optional ABS

This document is available to the public from the National Technical Information Service, Springfield, Virginia  22161

Technical Report Documentation Page



1.  Report No.

DOT 809 144
2.  Government Accession No. 3.  Recipients’s Catalog No.

4.  Title and Subtitle

Analysis of the Crash Experience of Vehicles
Equipped with All Wheel Antilock Braking Systems
(ABS)-A Second Update Including Vehicles with
Optional ABS

5.  Report Date

September, 2000

6.  Performing Organization Code

7.  Author(s)

Ellen Hertz, Ph.D.
8.  Performing Organization Report No.

9.  Performing Organization Name and Address

     National Highway Traffic Safety Administration
10.  Work Unit No. (TRAIS)n code

11.  Contract of Grant No.

12.  Sponsoring Agency Name and Address

     National Highway Traffic Safety Administration
     400 Seventh Street, S.W.
     Washington, DC   20590

13.  Type of Report and Period Covered

NHTSA Technical Report

14.  Sponsoring Agency Code

15.  Supplementary Notes

16.  Abstract

This analysis updates the 1998 ABS analysis (Hertz et al, 1998) by including vehicles whose owners had
selected it as an option.

The inclusion of the vehicles with optional ABS does not seem to make very much difference in the
estimation of the effect of all wheel ABS in crashes of all severities. ABS still seems to have a beneficial
effect in preventing each crash type except for side impacts, where it is appears to be associated with a higher
response rate especially for passenger cars. However, it appears to be beneficial in preventing pedestrian
crashes, rollovers, run-off-road crashes and frontal crashes with another moving vehicle.

The previous study indicated several disbenefits in fatal crashes.  The only statistically significant one
remaining is rollovers of LTVs. As with all protective devices, NHTSA plans to update these estimates
periodically as more data become available.

17.  Key Words 

Antilock Braking Systems, Optional, Logistic
Regression Model

18.  Distribution Statement

Document is available to the public through the National
Technical Information Service, 
Springfield, VA   22161

19.  Security Classif. (of this report)

     Unclassified
20.  Security Classif. (of this page)

     Unclassified
21.  No of Pages 
9

22.  Price

Form DOT F1700.7 (8-72)                                  Reproduction of completed page authorized



Summary

This analysis updates the 1998 ABS analysis (Hertz et al, 1998) by the same authors by including
vehicles with optional anti-lock braking systems (ABS).  Previous work had used only vehicles with
standard ABS or none. The Motor Vehicle Safety Advisory Committee, which includes vehicle
manufacturers and insurance companies, as well as NHTSA, asked about the effect of ABS among
vehicles whose owners had selected it as an option. To obtain this information, seventeen digit VINs
of vehicles that had optional ABS were sent to manufacturers. Ford, General Motors, Chrysler,
Mazda, Mitsubishi, Nissan, Volkswagen and Toyota supplied us, to the extent that they could, the
information about the selection or non-selection of ABS on the part of these individual customers.

There were not sufficient data to look at standard and optional ABS separately. Therefore, optional
and standard ABS were combined and a single ABS effect was estimated. Vehicles without ABS,
whether by choice or non-availability, were similarly combined as non-ABS.

The inclusion of the vehicles with optional ABS does not seem to make very much difference in the
estimation of the effect of all wheel ABS in crashes of all severities. ABS still seems to have a
beneficial effect in preventing each crash type except for side impacts, where it is appears to be
associated with a higher response rate especially for passenger cars. However, it appears to be
beneficial in preventing pedestrian crashes, rollovers, run-off-road crashes and frontal crashes with
another moving vehicle.

The previous study indicated several disbenefits in fatal crashes.  The only statistically significant
one remaining is rollovers of LTVs. As with all protective devices, NHTSA plans to update these
estimates periodically as more data become available.
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Background

This analysis updates the 1998 ABS analysis (Hertz et al, 1998) by the same authors by including
vehicles with optional ABS. The 1998 ABS analysis, in turn, updated the1995 studies (Hertz et al,
1995)  by using data from 1995 and 1996 and by including pedestrian-involved crashes.

As discussed in the earlier studies, five vehicle crash modes are identified that are considered to be
possibly affected by braking. They are rollovers, side impacts, run-off-road, frontal impacts with
another motor vehicle in motion (also called unable-to-stop) and pedestrian involved crashes.  Also,
a vehicle crash mode is identified that is considered not to be apt to be affected by braking. These
vehicles, called controls, are vehicles that were hit either while standing still or slowing down or
emerging from a parking space.

This present analysis proceeds in exactly the same way as described in Hertz et al, 1998 and uses the
same data with the following exceptions:

• Since the differences in the ABS effects between surface types were not dramatic, and since
road surface is frequently not a matter of choice, the databases were aggregated over road
surface. This also permitted inclusion of vehicles with unknown road surface condition.

• The VINs that did not decode as standard or unavailable ABS were sent to the manufacturers
who supplied, wherever possible, the final ABS status of the vehicle based on the owner’s
selection where ABS was an option. These VINs were merged with their vehicles in the
crash databases and were included in this analysis.

Since no vehicles were designated by manufacturers as having optional rear wheel ABS selected,
the 1998 analysis already made use of all the available data on rear wheel ABS. For that reason, this
analysis is restricted to all wheel ABS.  Since Pennsylvania did not supply 17 digit VINs for 1996,
the Pennsylvania data do not contain any optional ABS for 1996. 

As before, the data were from 1995 and 1996. For each state (Florida, Maryland, Missouri and
Pennsylvania) and for FARS, for each crash type (positive response), and each type of passenger
vehicle (PC and LTV),  the data were divided into five databases each consisting only of crashes
that crash type and control crashes, and a logistic regression was performed with the model

LOGIT(P) = ABS AGE YOUNG MALE CURVED RURAL VEH AGE
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where P is the probability of a positive response as opposed to a control vehicle and the logit
function is defined by logit (x) = log(x/(1-x)). 
 
As explained in the previous works, the coefficient, beta, of ABS represents the increase (or
decrease if it is negative) in the log odds of the occurrence of a positive response, for example
rollover, that occurs when all wheel ABS is added to the vehicle and no other changes are made.
Also, 100*(exp(beta)-1) approximately represents the expected percent change in the probability of
that positive response. Finally, for each vehicle type and positive response, the coefficients of ABS
were combined statistically across all four states (Fleiss, 1981). This resulted in overall estimates of
the all wheel ABS effects. Note that no assumption is made that the rate of positive responses (say
rollovers) is the same from state to state, only that the effect of ABS on that rate is the same from
state to state.

At first we hoped to look at optional and standard ABS separately. However, there were not
sufficient data.  For example, in FARS, there were only seven LTVs in control type crashes and
twenty PCs in control type crashes. These cell sizes are too small to make credible statistical
inferences and, also, the data are subdivided further because of the other covariates in the model.
Therefore, optional and standard ABS were combined and a single ABS effect was estimated.
Vehicles without ABS, whether by choice or non-availability, were similarly combined as non-ABS.

In each of the logistic regressions, the stepwise option was used so that only ABS and covariates
that turned out to be statistically significant were retained. The coefficients of ABS along with 
standard errors, Z’s and chi squares are displayed in Table 1. 
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Table 2 displays the FARS ABS coefficients. Since ABS appears to affect fatal crashes in a different
way, these are displayed separately.

                                                             Table 2

           ABS Coefficients in Fatal Crashes by Vehicle Type
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 As in the previous analyses, the coefficients of  Table 1 were combined statistically across the four
states, resulting in an overall ABS effect on each response type. 

The results are displayed in Table 3.

                                                               Table 3 
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Since 100*(exp(beta)-1) represents the approximate expected percent change in the probability of
that positive response, and since beta + 1.96*se are the upper and lower 95% confidence bounds for
beta, we can compute point estimates and 95% confidence limits for the percent changes in the
occurrence of each positive response associated with ABS.  An effect is said to be statistically
significant if abs(beta/se) >1.96; that is equivalent to its 95% confidence interval lying entirely on
one side of zero. A negative value of beta indicates a benefit from ABS since the occurrence of that
crash type is expected to decrease, a positive value indicates a disbenefit.  Table 4 summarizes the
ABS effects. The ABS effects that were found in 1998 without the optional ABS vehicles, are
shown for comparison.  In 1998, separate analyses were conducted for good and bad surfaces. In
order to make comparisons between the present results and the earlier ones, a significant effect for a
given vehicle type and response is said to have been found in the earlier work if it was found for
either surface condition. For example, the 95% confidence interval for the percentage change in run-
off-road crashes for passenger cars on good surfaces was (-17, -9) so a benefit is said to have been
found for passengers in run-off-road crashes.

Table 4 summarizes the ABS effects for crashes of all severity levels.   
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Table 5 summarizes the ABS same information for fatal crashes.
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Conclusions

The inclusion of the vehicles with optional ABS does not seem to make very much difference in the
estimation of the effect of all wheel ABS in crashes of all severities (Table 4). ABS seems to have a
beneficial effect in preventing each crash type except for side impacts, where it is appears to be
associated with a higher response rate especially for passenger cars. However, it appears to be
beneficial in preventing pedestrian crashes, rollovers, run-off-road crashes and frontal crashes with
another moving vehicle.

The previous study indicated several disbenefits in fatal crashes.  The only statistically significant
one remaining is rollovers of LTVs.
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